INTRODUCTION
Pneumonia is the second-leading cause of death worldwide [1] and the fourth-leading cause of death in Korea [2] . Between 2011 and 2014 in Korea, the overall incidence of community-acquired pneumonia was 307.3 cases per 100,000 people per year [3] . Further, the mortality rate increased 3.5-fold over a 10-year span, from 9.3 deaths per 100,000 people in 2006 to 32.2 per 100,000 people in 2016 [2] . Both the number of patients hospitalized for pneumonia and the associated medical costs increased between 2012 and 2016; the number of patients increased by 26.2% (from 320,000 to 410,000) while medical costs increased by 50.1% (from 483 billion Korean won to 718.8 billion Korean won) [4] .
Aspiration pneumonia is a distinct subtype of pneumonia [5] . Specifically, it is an acute bacterial pneumonia that occurs as a result of macro-aspiration of oropharyngeal or upper gastrointestinal contents [6] . Aspiration pneumonia is more severe than non-aspiration pneumonia [5] , with higher rates of mortality and recurrence as well as increased lengths of hospital stay as compared to non-aspiration pneumonia [5] . Although aspiration pneumonia is known to significantly contribute to pneumonia-associated deaths, its incidence has yet to be fully elucidated [5, [7] [8] [9] .
Older adults are at higher risk of aspiration pneumonia [10] ; thus, it is unsurprising that this same group exhibits a higher incidence of aspiration pneumonia [11] . Korea is one of the fastest aging societies, in which the number of adults aged 65 years and older will increase dramatically to 37.3% by 2050 [12] . Therefore, aspiration pneumonia will become an even more important public health issue in the future and will thus require a greater investment of resources for disease management. However, there are currently no epidemiological data available regarding community-acquired aspiration pneumonia in Korea.
Diagnosing pneumonia in older adults can be difficult [13] . Chest radiography is essential for confirming the diagnosis [13] , while chest computed tomography (CT) is a valuable adjunct [14, 15] . This is because chest CT may provide valuable diagnostic information in bedridden or elderly patients, because the presence of kyphosis, muscular weakness, and neurological disorder limits the ability to obtain accurate X-ray images in these patients [13] . Aspiration pneumonia is known as gravitydependent pneumonia [16] ; its radiographic appearance varies based on a number of factors, but it commonly involves the dependent (posterior) portion bilaterally [14] [15] [16] . Chest CT is better than plain chest radiography in terms of localizing the pulmonary infiltrates of aspiration pneumonia. Despite its overall value as a diagnostic tool, no studies have directly assessed the value of chest CT in diagnosing aspiration pneumonia.
In addition to CT, videofluoroscopic swallowing study (VFSS) is a well-known diagnostic tool for oropharyngeal aspiration [17] , which is an etiologic agent of aspiration pneumonia [6, 18] . However, there have been no studies evaluating the value of VFSS as a diagnostic tool for aspiration pneumonia.
Therefore, the aims of this study were to: (1) estimate the proportion of aspiration pneumonia cases among patients with community-acquired pneumonia in Korea; (2) compare the characteristics and outcomes of patients with community-acquired aspiration pneumonia to those of patients with community-acquired non-aspiration pneumonia; and (3) evaluate the diagnostic value of chest CT and VFSS for community-acquired aspiration pneumonia.
MATERIALS AND METHODS

Study design and data source
The clinical data for this retrospective study were obtained from the electronic medical records of Seoul National University Bundang Hospital, a 1,432-bed urban teaching hospital in Korea; this hospital is one of seven regional emergency centers in Gyeonggi-do [19] , a province with a population of 12,716,780 as of 2016 [20] . The Institutional Review Board at Seoul National University Bundang Hospital approved this study (No. B-1808-484-114). All medical records were fully anonymized prior to analysis. The requirement for written informed consent was waived because all data were collected retrospectively through the review of medical records.
Selection of study population
In this study, we analyzed data from patients aged 18 years and older who had been to the emergency department between January 1, 2016 and December 31, 2016 with a diagnosis of pneumonia (ICD-10 codes A24.1, A50.0, A54.8, B01.2, B05.2, B06.8, B59, B96.0, J10.0, J11.0, www.e-arm.org J12.*, J13, J14, J15.*, J16.*, J17.1, J17.3, J17.8, J18.*, J20.0) [4] and/or aspiration pneumonia (ICD-10 code J69.*). Exclusion criteria included the following: (1) recurrent pneumonia; (2) hospital-acquired pneumonia; (3) HIV/AIDS infection; (4) lung cancer; (5) solid organ transplantation; and/or (6) hematologic malignancy. Hospital-acquired pneumonia was defined as pneumonia that had not incubated at the time of hospital admission and occurred 48 hours or more after admission [21] . The definition of community-acquired pneumonia included healthcareassociated pneumonia [21] . We classified communityacquired pneumonia as aspiration or non-aspiration pneumonia using the primary diagnosis code.
Clinical characteristics
Data regarding the general and clinical characteristics as well as the type of diagnostic tests were acquired for all patients with pneumonia. The general characteristics included sex and age, while the clinical characteristics included underlying disease; confusion, uremia, respiratory rate, blood pressure, age ≥65 years (CURB-65) score [22] ; intensive care unit (ICU) admission; and length of hospital stay. CURB-65 is a community-acquired pneumonia severity score based on confusion, urea (>7 mmol/ L), respiratory rate (≥30 breaths/min), blood pressure (systolic blood pressure <90 mmHg or diastolic blood pressure ≤60 mmHg), and age (≥65 years). Chest CT and VFSS were performed in order to calculate the proportion of aspiration pneumonia cases with objective evidence of aspiration and to assess their value as diagnostic tests in terms of sensitivity, specificity, predictive value, and likelihood ratio.
Statistical analysis
Descriptive statistics were used to summarize the data. The proportion of aspiration pneumonia cases was calculated. We compared the characteristics of cases of aspiration and non-aspiration pneumonia using chisquared and independent t-tests. p-values below 0.05 were considered to be statistically significant. All data were analyzed using IBM SPSS Statistics version 23.0 (IBM, Chicago, IL, USA).
RESULTS
Data from a total of 1,597 patients were considered for analysis. Four hundred thirty-five patients had hospitalacquired pneumonia and 117 patients had lung cancer, hematologic malignancy, or a history of solid organ transplantation, and were thus excluded. No patients were infected with HIV/AIDS. Three patients without any admission notes were also excluded. In total, 1,042 patients met the inclusion criteria for analysis; all of these had been diagnosed with community-acquired pneumonia (Fig. 1) . 
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Among the patients with community-acquired pneumonia, 148 were diagnosed with aspiration pneumonia. In this study, the proportion of aspiration pneumonia cases among patients with community-acquired pneumonia was 14.2% (Table 1) .
As compared to patients with non-aspiration pneumonia, those with aspiration pneumonia were significantly older (p<0.001) and more likely to be male (p<0.001). These patients required significantly longer hospital stays (p<0.001) and more frequent ICU admissions (p<0.001), and also had higher CURB-65 scores (p<0.001) ( Table 1) .
Among the 1,042 patients with community-acquired pneumonia, 623 (59.8%) were examined by chest CT. One hundred and thirteen of the patients had aspiration pneumonia as confirmed by a positive chest CT scan. Therefore, based on the chest CT results, 18.1% of the community-acquired pneumonia patients had aspiration pneumonia. The sensitivity and specificity values of chest CT were 70.8% and 93.5%, respectively, and the positive and negative predictive values of chest CT were 70.8% and 93.5%, respectively. In this study, the positive likelihood ratio was 10.1 while the negative likelihood ratio was 0.312 (Table 2) .
Among the 1,042 patients with community-acquired pneumonia, 60 (5.8%) completed a VFSS. The sensitivity and specificity values of VFSS were 62.5% and 100%, respectively; while the positive and negative predictive values of VFSS were 100% and 70%, respectively. In this study, the positive likelihood ratio was undefined and the negative likelihood ratio was 0.375 (Table 2) .
DISCUSSION
This is the first study to estimate the proportion of aspiration pneumonia cases among patients with community-acquired pneumonia in Korea. This was also the first study to examine the values of chest CT and VFSS as diagnostic tools for aspiration pneumonia. CURB-65 is a community-acquired pneumonia severity score based on confusion, urea (>7 mmol/L), respiratory rate (≥30/min), blood pressure (systolic blood pressure <90 mmHg or diastolic blood pressure ≤60 mmHg), and age (≥65 years). The scores were defined as 'low' for CURB-65 total scores of 0-1 point, as 'moderate' for scores of 2 points, and as 'high' for scores of 3-5 points. CT, computed tomography; VFSS, videofluoroscopic swallowing study.
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In the present study, among patients with communityacquired pneumonia, 14.2% were diagnosed with aspiration pneumonia. Previous studies have reported the proportions of cases of aspiration pneumonia to range from 5% to 60% [5, [7] [8] [9] 23] . Among these studies, only one estimated the proportion of aspiration pneumonia cases using distinct diagnostic codes related to aspiration pneumonia; that study found a proportion of aspiration pneumonia cases of 16.5% over a 10-year span [8] , which was consistent with our findings.
The risk of aspiration pneumonia increases in older adults [9] [10] [11] , which is particularly relevant in the rapidly aging society of Korea [4] . Therefore, as the incidence of aspiration pneumonia may increase in Korea, urgent preventive measures are required. Progressive obtundation of the swallowing reflex with age is likely to be one of the major causes of the high incidence of aspiration pneumonia among older adults [24] . Various efforts have gone toward mitigating the pathologic process of agerelated coughing and swallowing difficulty [25] . Because dysphagia and its resulting repeated silent aspiration is an important mechanism in the pathogenesis of aspiration pneumonia in older people [9, 25] , screening for and early intervention in dysphagia may become an important public health issue. Approximately half of nursing home residents in Korea have dysphagia [26] ; however, VFSS is not commonly used to test pneumonia patients. Specifically, a previous study reported that, in Japan, only 6.2% of patients with pneumonia and 5.8% of patients with community-acquired pneumonia in particular were examined using VFSS [9] . Therefore, a strategy for preventing aspiration pneumonia should include additional efforts to perform VFSS examinations.
In this study, we used ICD-10 codes related to aspiration pneumonia (J69.*) in order to differentiate aspiration from non-aspiration pneumonia. As there is no gold standard for defining aspiration pneumonia, previous research has been limited to definitions created by the investigators [8] . In addition to the use of rarely-witnessed aspiration events [27] , some reports have included diagnoses of aspiration pneumonia based on aspiration risk factors, such as cerebrovascular disease or dementia [5, 28, 29] ; other reports used chest CT, rather than chest X-ray imaging, to identify radiograph infiltrates in dependent pulmonary segments [30, 31] . Another study used swallowing function tests, including VFSS findings, to determine aspiration tendency [9] . Instead of using an evidence-based diagnosis [29] for aspiration pneumonia (as the present study did), some previous studies have employed clinical definitions of the presence of aspiration pneumonia, such as clinicians' reports [8] , physician billing codes [23] , or diagnosis codes [32] . However, in practice, a clinician's means of diagnosing a patient with aspiration pneumonia are likely to be vague and inconsistent [8] . Due to the lack of a sensitive and specific marker for aspiration, along with the potential overlap between aspiration pneumonia and other forms of pneumonia, clinicians often experience difficulty diagnosing aspiration pneumonia [8] . However, the strength of the 'wisdom of the crowd' method may reduce the noise from individual judgment and help provide reliable results [8] . In this study, our findings regarding aspiration pneumonia characteristics, including the observation of more severe outcomes than those seen in non-aspiration pneumonia, are similar to those from studies using investigator-based definitions [5, 31] .
The proportions of aspiration pneumonia cases reported in previous studies range from 5-60% [5, [7] [8] [9] 23] . For example, Marik [7] reported a proportion of 5%-15% based on three studies published before 2001. Further, based on a single tertiary university-affiliated hospital study in the United States, Lanspa et al. [23] reported that between 1996 and 2006, the proportion of aspiration pneumonia cases among patients with community-acquired pneumonia was 16.5%. By analyzing multicenter and multinational data, they later reported that, between 2001 and 2012, 8.7% of patients with communityacquired pneumonia exhibited aspiration pneumonia [8] . In addition, Hayashi et al. [5] reported that, between 2010 and 2012, aspiration pneumonia was diagnosed in 33.6% of patients with community-acquired or healthcareassociated pneumonia in Japan. Another Japanese study conducted by Teramoto et al. [9] reported that 60% of patients with community-acquired pneumonia exhibited aspiration pneumonia. These discrepancies in the findings among studies may arise from differences in the case definitions of aspiration pneumonia [3] . In 2013, Lanspa et al. [23] used diagnostic codes to define aspiration pneumonia; they found a proportion of cases of 16.5%, which was similar to ours (14.2%). In our study, among patients with community-acquired pneumonia who were examined using chest CT, 12.8% were diagnosed with as-www.e-arm.org piration pneumonia.
This study also found that, as compared to patients with non-aspiration pneumonia, patients with aspiration pneumonia were more likely to be older, male, and exhibit a severe disease state requiring a longer hospital stay. These characteristics are similar to those described in previous studies, which reported that patients with aspiration pneumonia were typically older and male [8, 11] and exhibited greater disease severity and more comorbidities [8, 23] . Aspiration pneumonia patients were also admitted to ICUs more frequently and had longer hospital stays [8] .
Male patients were significantly more susceptible to aspiration pneumonia than other types of communityacquired pneumonia. Previous studies have reported that the risk of dysphagia does not differ significantly between males and females [33, 34] . Therefore, the immune response to oropharyngeal aspirates may differ between sexes, and this difference may be attributed to estrogens and progestins [35] .
When VFSS was used as an additional diagnostic test for aspiration pneumonia among patients with communityacquired pneumonia, it was found to have 100% specificity and a positive predictive value. This diagnostic test accuracy may be affected by incorporation bias and an imperfect gold standard [36] ; incorporation bias occurs when the classification of disease status partly depends on the results of the index test, while imperfect gold standard bias occurs when the standard determining a patient's true disease status misclassifies certain patients. Despite these biases, VFSS may be an important diagnostic test for aspiration pneumonia, and as such should be incorporated more frequently into the diagnostic process for patients with potential aspiration pneumonia.
Bedside swallowing screening tests are recommended for patients at high risk of oropharyngeal aspiration, such as acute stroke patients. For patients with abnormal screening tests results, brainstem lesion, or multifocal infarction, VFSS or fiberoptic endoscopic evaluation of swallowing is recommended [37] . A previous study suggested that elderly patients with clinical signs of dysphagia and/or those with community-acquired pneumonia should be referred for a swallowing evaluation [18] . Therefore, in line with the clinical practice guidelines for stroke patients in Korea [37] , bedside swallowing screening tests should be recommended for patients with acute community-acquired pneumonia. VFSS should also be recommended for patients with community-acquired pneumonia who exhibit abnormal bedside swallowing screening tests and/or those with aspiration pneumonia.
This study had several limitations. First, this was a single hospital-based study; therefore, our findings may not be generalizable to all of Korea. However, the results of our study are consistent with the previously reported findings of studies that used similar designs. We used clinical determination for the diagnosis of aspiration pneumonia. We also used the findings reported by various physicians for chest CT and VFSS examinations. However, because this study was conducted at a single university-affiliated hospital, the methods used for interpreting the test results may have been relatively homogeneous. Lastly, patient comorbidities were not analyzed. This is a limitation because comorbidities (e.g., cerebrovascular disease, degenerative diseases, and dementia) increase the risk of aspiration [5] . The hospital in this study was a university-affiliated tertiary hospital; therefore, the admitted pneumonia patients may have exhibited more comorbidities than patients in typical community hospitals, which may have resulted in an overestimation of the proportion of aspiration pneumonia cases among patients with community-acquired pneumonia.
Despite these limitations, this study is the first to estimate the proportion of aspiration pneumonia in Korea, and may therefore constitute the first step in estimating the national proportion of community-acquired aspiration pneumonia cases.
In this study, the proportion of aspiration pneumonia cases among patients with community-acquired pneumonia was found to be 14.2% in 2016. Considering that the incidence of community-acquired pneumonia has been reported to be 307.3 cases per 100,000 people per year [3] , the estimated incidence of community-acquired aspiration pneumonia may be as high as 43.6 cases per 100,000 people per year. We found that the VFSS was highly sensitive for diagnosis; however, only 5.8% of patients with community-acquired pneumonia were examined by VFSS. In the future, VFSS should be considered an important diagnostic method. Further, additional studies should be performed in order to estimate the national proportion of community-acquired aspiration pneumonia. This study thus serves as the first step in establishing healthcare strategies and estimating the im-
